Background. Relevant literature reports no increase in individual scores when test items are reused, but information on change in item difficulty is lacking. Purpose. To test an approach for quantifying the effects of reusing items on item difficulty. Methods. A total of 671 students sat a newly introduced exam in four testing shifts. The test forms experimentally combined published, unused, and reused items. Figures quantifying reuse effects were obtained using the Rasch model to compare item difficulties from different person samples. Results. The observed decrease in mean item difficulty for reused items was insignificant. Students who self-scheduled to the last test performed worse than other students did. Conclusion. Availability of leaked material did not translate into higher individual scores, as mastering leaked material does not guarantee transfer of knowledge to new exam items. Exam quality will not automatically deteriorate when a low ratio of randomly selected items is reused.
Background
A written multiple-choice assessment is cost efficient when testing large cohorts. However constructing new items each year, or for each new test to prevent their leakage and to maintain test validity and fairness, offsets the cost efficiency. Therefore, the question arise under which condition one can safely reuse items. Literature on the construction of written test items [1, 2] and cheating on written tests [3, 4] provides four conceptual factors that should be considered in the discussion of reusing written test items.
1.1. Reuse Expectation. When items are not reused, students need not pass their contents to subsequent candidates because, aside from allowing one to become familiar with the test format, there is little benefit in using the original test material for studying. However, when students expect to encounter reused items on the test, passing item content to subsequent candidates and trying to obtain passed item content prior to the exam for study purposes, may help in obtaining a good grade.
Cheating Attitude.
There are cultural differences regarding the concepts of cheating and cheating behavior [4] . Teixeira and Rocha [4] found that the average magnitude of academic cheating by university students is quite high (62%). They also found differences in rates of cheating between countries (e.g., the USA: 30%-40%, Germany: 50%-60%, Austria: 70%-80%, and France: 80%-90%). Studies on cheating usually focus on the copying of tests or assignments, not on the passing of test items or use of test items for studying; however, some consider these behaviors as forms of cheating. It can be said that, in some cultures, it is common for students to regard passing exam content to fellow students and using passed content for studying not as cheating but as cooperative and strategic study behavior. One study [3] states that 23% of graduate business students and 18% of nonbusiness students in the USA and Canada admit to cheating on tests, with the business students engaging more in "learning what was on a test from a student who took it in an earlier class. " However, studies do not usually give figures on the prevalence of this type of cheating.
Exam's Consequences.
Exams are given in different stages of education and with different functions, some with severe consequences in the event that the student fails. The pressure to succeed towards the end of the educational term promotes cheating behavior [4] .
1.4. Item Content. Item writing guidelines classify written test items that require an examinee to reach a conclusion, make a prediction, or select a course of action as "application of knowledge items" and items that test only memory for isolated facts (without requiring their application) as "recall items" [1] . Reusing the former may be more problematic with respect to test fairness and validity. On its first use, an item may require the examinee to reason out the answer by applying basic principles, but once it has been passed to other students, it might require simply recalling the correct answer. This will not be a problem with recall items.
But what happens with item difficulty and person scores, when test items are reused? Some studies focus on the retesting of persons or reuse of written test forms. One approach uses the same test form on different occasions for different candidates to clarify whether candidates on the later occasions benefit from more study time [5, 6] . Results indicate no score difference [5] or better scores for early test takers [6] . Another approach uses the same (and a different) test version on different occasions for the same candidates to investigate whether taking a test repeatedly gives candidates an advantage [7, 8] . In general, repeat candidates achieve higher scores, but there are no further advantages for repeat candidates assigned to the same test form. The cited studies do not elaborate on whether students expected to encounter reused items, but as the studies were conducted in the USA and Canada (two in the setting of in-class assessment, two in that of credentialing), students' preparedness to share information on exam content is assumed to be low. To our knowledge, no studies have yet been conducted in settings where students expect to encounter reused items or in settings where leaking content and using leaked content for studying is not regarded as cheating.
In addition, the cited studies focus on differences in individuals' mean scores. Thus, they leave open the question of what happens to an item's level of difficulty when it is reused. However, a possible systematic leakage of items and, thus, corrupted validity of items will not be detected by a research design that focuses only on persons' mean score difference. Focusing on these effects requires quantifying differences in item difficulty between the item's first use and its reuse. However, statistics used for expressing item difficulty, in general, are sample dependent, precluding meaningful interpretation of differences in item difficulty between different person samples. Thus, to our knowledge, no studies have yet investigated the effects of reuse on item difficulty.
Purpose
The present study seeks to test a research design that allows quantifying the effect of reuse on a single test item's level of difficulty, independent of the individual test takers. It addresses reuse effects with students who are accustomed to encounter a high percentage of reused items in subsequent testing shifts and who consider discussing test items not as cheating. The study uses available written items complementing a practical assessment (PA) on basic clinical procedures in undergraduate medical education.
Hypothesis 1:
As the available written items target recall of facts as well as application of knowledge and passing of item content between the testing shifts is common, a decrease in item difficulty is expected for reused items, especially for those requiring application of knowledge.
Hypothesis 2:
As students expect to encounter reused items and they also routinely post exam contents on Internet platforms, which are accessed by other students, it is expected that the measures of the ability of those who attempt a test later in the year (and who thus encounter reused items) will increase.
The study also seeks to measure the proportion of students who are motivated to benefit from the leakage of test content.
Hypothesis 3: Based on international literature on selfreported cheating in higher education in general and test cheating specifically, it is expected that between 30% and 60% of the students are motivated to benefit from leaked content. The literature on this hypothesis is admittedly sparse, as the only data available are from self-reports on cheating; thus, the investigation of this hypothesis is clearly explorative in character.
Method
During the 2009 spring term, 671 students attempted the newly introduced in-course exam that assessed basic clinical skills. To comply with students' curiousness about the items, a representative set of items (one-best-answer multiple-choice questions (MCQs)) were published in the official study materials. Four test forms that experimentally combined three types of items ("published" = not new to students, "first use" = new to students, and "reused" = possibly not new due to leakage) were administered on four days within a three-week period to investigate Hypotheses 1 and 2. Test forms 2 and 3 contain 35% reused items, and form 4 contains 45%. The procedure of assigning students to one of the four test days constitutes the field experiment to investigate Hypothesis 3. The assessment was implemented as a compulsory formative pretest to the summative exam, but to stimulate the achievement motive, a bonus was given for the summative mark when the students obtained a written grade higher than the practical grade. Students were assigned a day to take the test but were allowed to change it to accommodate their individual schedules. For a student population that is, used for preparing for exams by studying previous exam material, the least attractive day for taking a newly introduced exam is the first day because only the published sample items are available for additional studying. Thus, students who were assigned to take the exam on day 1 and kept this date and those who voluntarily scheduled to take it on day 1 can be regarded as least interested in benefitting from leaked content (first test date). Their performance is compared with two other groups: those who had the opportunity to benefit from leaked content but did not bother to increase this opportunity (follow-up test date as scheduled) and those making an effort likely to increase their opportunity to benefit from item leakage by rescheduling to the latest possible test date (strategic reschedules). Between the test days, a popular online student platform was screened, and it was observed that item content was discussed vividly by students online.
It is acknowledged here that this sampling procedure has some drawbacks from an experimental point of view. Because of the rescheduling, there is no longer a random assignment to the four test days. Thus, the groups formed on basis of their rescheduling behavior may contain students with different knowledge and skills. As one of the reviewers pointed out, there may be several reasons for rescheduling, beside the interest to benefit from leaked content. However, the exact reason for rescheduling could not be surveyed in the given setting. These sampling issues however do not affect all our hypothesis testing in the same way. It is clear that making assumptions about motivational differences between the three groups as defined above and thus the testing of Hypothesis 3 remains speculative. On the other hand, this sampling mirrored the real life situation when more than one test day is set up and students are free to schedule for a date. As a result, this sampling makes it possible to address Hypothesis 2 in a realistic setting. Finally, as this study's main focus is on quantifying changes in items difficulty these sampling issues will not affect the testing of Hypothesis 1. As explained below the chosen psychometric framework allows objective comparison of items difficulty independent from the sample used.
To estimate item difficulty and person ability measures necessary for examining Hypotheses 1 and 2, a probabilistic psychometric framework (Rasch model) was chosen as the measurement model. The Rasch model is a mathematical formula that combines the answers a person gave to a set of items with ideas about the relative strength of persons and items in a way that absorbs the inevitable irregularities and uncertainties of experience systematically by specifying the occurrence of an event as a probability rather than a certainty ([9], page 4). This model was chosen for its ability to express item difficulties relative to each other. Item difficulty is estimated independently from the persons' ability and simultaneously for multiple-item/person sets with overlapping items. Thus, items are equated, and we can make an objective comparison of item difficulties estimated using data from different person samples. Persons' ability is expressed using the same scale as with item difficulty and accounts for such. Solving, for example, nine items out of ten gives a lower ability measure with easier items, but a higher measure for more difficult items.
To prepare the testing of Hypotheses 1 and 2, the data of the four test days and test forms are organized in two different data matrices (Figure 1 ). Using matrix (a), a conventional incomplete data matrix with common items to link the test forms item difficulties is estimated and used for estimating person measures to test Hypothesis 2. Additionally, items' fit with the model is tested statistically (infit/outfit-statistics, differential item functioning), thus contributing to the construct validity of the written exam. As reliability coefficient, the reliability of person separation (rel ps ) is calculated; this index is based on the same concept as Cronbach's alpha ( ) and is interpreted as such. Matrix (b) is used to estimate the item difficulties to address the change in level of item difficulty in reuse. In this matrix, data of the reused items are treated independently from the data of the first use. The data of 33 (first use) plus 15 (second use) plus 2 (third use) items are input in the analysis to estimate item difficulties. These item difficulties are used to evaluate difficulty changes for Hypothesis 1.
Hypothesis 1 was tested by performing a paired-sampled t-test wherein the difficulty levels of the first use and second use were compared. In order to explore in detail if application of knowledge items (6 items) are more prone to difficulty change than recall items (9 items), a 95% confidence interval was constructed around each item's difficulty level to compare first use with reuse difficulty level.
To test Hypothesis 2, an ANOVA was performed by comparing the ability measures of confident performers, compliant performers, and strategic performers as defined above. Hypothesis 3 was tested descriptively by deriving percentage values. The percentage of students who changed their original assignment of taking the exam on the first day serves as an estimate for the percentage of students motivated to benefit from leaked item content. To control for achievement motivation, only 535 students (80%) actually taking the exam as a pretest to the summative PA are included in evaluation of Hypotheses 1 and 2. Table 1 shows the mean and standard deviation of the item easiness parameter. Table 2 gives the mean and standard deviation of the measures of ability as well as an overview of how the number of students fluctuates across the four test days. Of the 158 students assigned to day 1, 75 (47%) stayed. Together with 20 students who opted for day 1 over a later assignment (days 2, 3, or 4), they form the subsample of students taking the "first test date" ( = 95), that is, those who do not seek to benefit from leaked content. Of the 366 students assigned to days 2 and 3, 200 (55%) stayed. They form the group of "students staying as assigned", that is, those who could benefit from the leaked content of previous dates but did not attempt to delay the exam further. Students who rescheduled to day 4 ( = 60) form the subsample of "strategic reschedulers. " Their decision to choose the last day is interpreted as an attempt to increase their opportunity to benefit from leaked content. Students who were assigned to and remained at day 4 are not included in one of those groups as they could not postpone taking the test further. Figure 1 : Symbolized data matrices for estimating item difficulty parameters for Hypotheses 1 and 2. Items are in the columns and persons in the lines; shaded areas contain persons' answers coded as 1 = correct, 0 = not correct; white areas contain no data, indicating that the person has not worked on the respective items. It is possible to estimate parameters using data from all four item/person groups simultaneously because there is a set of common items. logits) is, as expected, reached with 14-19 items. The 95% CI (±1.49) covers only 56% of the logit scale's range (5.28 logits); therefore, the ability measure derived out of the items' score does discriminate between persons. Given the samples' homogeneity (SD = 0.94 logits), the discrimination's impact is limited (rel ps = 0.39). This low reliability of the ability measure is due to the low number of items used for this study. As this study's main target is the items difficulties, which are estimated on basis of a large person sample and not the person's ability measures we do not consider them a problem. Within this paper, persons' ability measures are therefore only compared on a group level and because of low reliability not on the individual level. To further illustrate, the items' quality reliability adjusted for test length is calculated, indicating that using 30 such written items will have increased rel ps up to 0.80, which is commonly suggested suitable for test scores used for individual decision (Table 4 ). Hypothesis 1: mean easiness parameter for the 15 items increases between first use ( = −0.52; SD = 1.13) and second use ( = 0.13; = 1.68), indicating that items are easier when used a second time; this conforms to the hypothesis that reused items are easier. Still, the paired-sample t-test misses significance slightly ( = −1.985, df = 14; = 0.067); thus, the hypothesis has to be rejected. However, the post hoc effect size is almost medium (ES(d) = 0.41), and the power is small (post hoc power = 0.31) because of the small sample of items in our reuse experiment. With the effect size of 0.41, it would have been necessary to include 39 items in the reuse study to perform a test with a power of 0.80.
Results

Descriptive Statistics.
Item's Psychometric
Comparing first-use difficulty with reuse difficulty by means of comparing the CIs showed that difficulty for three out of six applications of knowledge items (item numbers according to Table 3 : 31, 33, 45, 36, 34, and 15) declined. The same is true for two of the nine recall items (item numbers according to Table 3 : 25, 40, 41, 44, 47, 48, 49, 6, and 30). Examining the content of those two items carefully revealed there might be problems regarding the agreement of standards between teachers. Hypothesis 2: the three subsamples' mean ability measures ( Table 2 ) differ significantly (ANOVA: < 0.05, small effect = 0.16, power = 0.77). The post hoc Scheffé test indicates that "strategic reschedulers" perform worse than students taking the test at day 1 and those taking the test as assigned on a follow-up date (days 2 and 3). This finding does not conform to the hypothesis of an increasing mean score due to candidates strategically benefitting from reused items in later tests. The subjects taking the test last perform the worst.
Hypothesis 3: of the 158 students assigned to day 1, only 75 (47%) stayed. Thus, more than half of the students preferred not to take the new test without the opportunity to study passed item content.
Discussion
The present study developed a research design quantifying the effect of reuse on a single test item's level of difficulty, independent of the individual test takers. Using the Rasch model as psychometric model it was possible to estimate jointly item difficulties for first use and reuse and thus compare them meaningfully independently of the underlying (2) : number of students assembled with different motivations (pretest takers only); ability measure: Rasch-based ability measure; first test date: students taking test on day 1, not motivated to benefit from leaked item content; follow-up test date as scheduled: students who had the opportunity to benefit from leaked content but did not bother to increase this opportunity; strategic reschedulers: students who increased their opportunity to benefit from item leakage by rescheduling to the latest possible test date.
samples. The effects of reuse on item difficulty are only obvious when taking the level of cognition into account required for solving the item. Half of the tested application of knowledge items were easier in reuse compared to only 20% of the recall items. So in a student population with an attitude of leaking and discussing exam items it is likely that application of knowledge items' difficulties will decline as students discuss them. The situation is different for recall items. In our study, the difficulties kept stable for the majority of the recall items. For those with declining difficulties problems regarding agreements of standards of teaching are also a plausible explanation for the difficulty decline. Once all learning objectives are covered, publishing the items and the answers and discussing them with a wide group of students and teachers even may be beneficial for identifying flaws in teaching and learning of facts. Observed is also some indication of a relation to the day of reuse. Four of the five items declining in difficulty were reused on day 4, which was expected to be the most attractive day for strategic students.
The study additionally addresses reuse effects with students who are accustomed to encounter a high percentage of reused items in subsequent testing shifts and who consider discussing test items not as cheating. However, as discussed above, although some items, especially the application of knowledge items, decline in difficulty, students attempting the test later in the year did not benefit relevantly from encountering some known items. Compared to the students taking the test on day 1, those taking the test as scheduled on day 2 or 3 performed similarly. Those moving deliberately to day 4 even performed worse than the other groups. Yet why do they perform worse even though they had several opportunities to benefit from leaked item content? It is unlikely that the available material was not studied, as there is an observable shift in the level of difficulty towards "easier" for some reused items, especially those items being reused on day 4. A more plausible theory is that using leaked material has no uniquely beneficial effect [10] . Discussion threads discuss content but do not always solve ambiguity regarding the correct answers. Students with mediocre performance may be particularly unable to benefit from reading threads. In addition, they may benefit from studying leaked items but may not transfer this benefit to new items. After all, the majority of items in each new test were new. Therefore, the failing to find better person scores for later test takers may be due to the high ratio of not published items in the test, but also due to the high ratio of recall items, which have been shown to be rather stable in difficulty. Findings of no benefit for students attempting the test later in the year have been reported previously from settings were leaking content and using leaked content for studying are regarded as cheating [5, 6] and are therefore unlikely. This has been interpreted as students not benefitting from more study time.
Finally, the study sets out to explore how many students are motivated to benefit from leaked content. We observed that about half of the students assigned to day 1 preferred not to take the newly introduced exam on day 1. Together with the finding that some reused items' difficulties actually declined and the observation that students rather reschedule for a later test date than for an earlier test date we interpret this as being motivated to benefit from leaked content for preparing for the exam. These figures are similar to those reported out of selfreport studies [5, 6] on cheating in higher education.
Limitations and Conclusions
Although we have been able to answer some questions regarding effects of reusing written test items, there are still questions open due to limitations in our study. A limitation of our study is that the number of administered items per person does not justify comparing persons' scores on new items with their score on reused items, as reliability would be too low. The study, however, illustrates a suitable method to examine the reuse effects in order to address this issue in future studies. Another limitation is that leaked item content was demonstratively available and used, but by "whom" or "how" remains ambiguous; it is acknowledged that students might be reluctant to share this information. When interpreting our results one also had to keep in mind that our sampling was not random; thus the groups may contain students with different knowledge and skills. However, our sampling mirrors the real life situation when students self-assign one of several test days. The study uses available written items complementing a practical assessment (PA) on basic clinical procedures in undergraduate medical education. The content domain covered in the course is important, but small, with undoubted more possibilities to construct recall items than application of 6 ISRN Education knowledge items. Repeating the study with content allowing for more application of knowledge items would contribute in further exploring the effects of reuse.
The study expands the knowledge on written item reuse in three ways. First, it provides four conceptual factors for discussing reuse effects and a methodological approach to study reuse effects on item difficulty. Considering factors (1) and (2) of the framework for discussing reuse effects presented in the introduction, it shows that even in a setting where the students expect item reuse and routinely pass exam content to subsequent candidates, reusing items in exams does not necessarily mean that the items' level of difficulty becomes easier, especially recall items' difficulties stay stable. Second, the study shows that similar to previous studies in other settings [5, 6] , in our setting, reusing items in exams does not necessarily mean that persons' mean scores on the test will improve in the different tests that include reused items. This lack of benefit for those taking a latter test has previously [5, 6] been interpreted as a general deficit in study organization and time management for late test takers, which is also a plausible interpretation in our case. Given the conceptual character of the study and the resulting limitations, the tentative conclusion is that, in a written test, 30% to 45% reused items, especially when recall items are reused, will most likely not help students who seek to benefit from studying reused items.
